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not satisfactory. Cavalli in 1845, Wahren-
dorff in 1846, and Armstrong and \Vhir\vorth
in 1854 brought out breech loaders of the
sliding wedge type. From faulty design, or
material of inadequate strength, a number of
these guns gave way under trial; and all
were unable to prevent the escape to the rear
of some of the gas. and that rapidly injured
the mechanism. Krupp's earlier pieces were
muzzle loading, but in 1862 he exhibited in
London his first cast-steel breech loaders. The
success of the breech loader was assured by
the invention of the Broadwell ring by an
American army officer; this was adopted
either as a loose rinsr or a? a cup <ia? check

overcame the   prejudice.*  of leirisiators, steel

makers and the press- far enoutrh to get nione>

for a built-up steel breech-loading gun. Even

! then they were compelled to build cast-steel

zuri* to compete TK itii it.   The =uccess of the

- forced-steel   built-up   gun   was   so   decisive,

however, as to settle the question forever.

I     The serious defects of black gunpowder as

I a   propellant    had   long:   been   appreciated,

i These were: too rapid burning (causing too

1 quick & rise in pressure;, the fouling of the

\ bore, and dense smoke.   The quickness with

; which   the   pressure   reached   a   maximum

strained the gun without giving a sustained

, pressure behind the projectile.   The first at-

U. 5. Xaval S-mch Gun, with Breech Lock Open.

by all makers; and modifications of it con-
tinued in use until De Bange invented the gas
check pad, about 1880.

The United States Navy mounted the u-
inch Dahlgren smooth-bore guns in the large
frigate of the Niagara class in 1854-5. They
were much more powerful than any other
guns afloat, and their very satisfactory per-
formance during the Civil War blinded the
great mass of the American people to their
obvious defects, and to the superiority of the
rifle. A few Parrott rifles were made and
used during the Civil War, but accidents
were frequent, and they were not popular.
From 1865 to 1882 new construction in the
United States ceased, both in the Army and
in the Navy, because Congress refused to
supply money for any species of armament.
Finally, in 1882* the naval ordnance officers

tempt at correcting this consisted in an en.
largement and hardening of the powder
grains, and it effected some improvement, but
not enough. About iSSo brown or cocoa
powder appeared. It proved to be a success-
ful propellant, as far as slow burning was
concerned, and a marked increase of muzzle
velocity was obtained with the same pres-
sure; but the fouling continued. In 1887 M.
Vieille brought out a nitro-cellulose powder,
and this was followed by numerous others
containing nitro-cellulose or nitro-glycerine
or both. The new powders were not only
more powerful, but they were comparatively
smokeless, and were universally adopted. In
1881 rapid-fire guns were brought out, at
first in calibres of 2.2 inches or less, but
quickly increasing to 6 inches. The principle
has now, io a measure, been extended to all